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Load

Heavy FRP Reinforcement
Moderate FRP Reinforcement
Light FRP Reinforcement

Unstrengthened

Deflection




FAILURE MECHANISMS

CROSS SECTION ANALYSIS AT THE ULTIMATE LIMIT STATE
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SHEAR FAILURE
AT FRP END

FRP end shear failure
/
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Initial Situation
(During Strengthening)
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To prevent debonding at end crack horage failure 25

-> Compute required anchorage length
Gﬂ O'Gkbfctm E ' debonding at intermediate flexural crack
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Simplified method: €4 =0.5-0.8%

T. TRIANTAFILLOU _ T. TRIANTAFILLOU

FRP end shear failure (concrete rip-off)

|

FRP end shear failure

Ductility Requirements

Region A : steel yield — FRP failure (debonding
or fracture)
Region B : steel yielding — concrete crushing

Vedend < 1.4VRqc

2
Megend < EMRd

If not verified :
SHEAR STRENGTHENING

i Tl

Minimum required FRP strain for given curvature ductility H¢

Ho
€fmin = Eyd E_Scu
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Serviceability Limit State

Check on FRP strain : n = 0.8 (carbon)
0.5 (aramid)

h—Xg
—g, |<nf
oj Nk 0.3 (glass)

of :Ef[gc
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EXAMPLE

Simply supported T-beam

Span=5m f,=13.5 MPaf,,=2.2 MPa f,=435MPa
gg = 15 kKN/m g4 =-36-kN/m— 50 kN/m

Vrao= 40 kN

M, = 15x52/8 = 46.9 kNm &, = 0.00064
Mg, = (15+50)x52/8 = 203 kNm

Qt =1.1
f mm Debonding strain: g, = 0.0047

\»
80 mm E, = 150 GPa £ im = Min(0.0047, 0.01) = 0.0047

&, = 0.01 Section analysis > x=78 mm, ¢, = 0.00099, A; =93 mm?
2 strips > A; =93 mm2 > Mgy = 209 kNm
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Calculations for anchorage failure

203 KNm | 203 kNm
Mgy Meq o
«~— 1.08 m — ~— 1.30m —

. ) Naso = Astfys (om)

Nrsa = Asifya =408.7 kN

/= 408.7 kN Mz /

— Niagmax=31.11 kN
| Nu=3297kN
203/0.95d=475 kN 475 kN Moz
Ed’
Neg s Nrg Neg » Nrg
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FRP end shear failure

Medend = 65x1.00x(§—%) =130 kNm < %MR(, OK

VEd,end = 65(% - 1 OOJ = 975 kN

1.4Vgy, =1.4 x40 =56 kN

SHEAR STRENGTHENING IS REQUIRED
for 97.5 — 56 = 41.5 kN
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Columns

LI

This is wrong !!
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coLuMNs PRESTRESSED FRP

10 Cc16/20
$400

bih=1

d,/h=0,10
’ | | | | | | | | ‘ " om0 om
E,=200 GPa

VN, Bh,

000 005 010 015 020 025 030 036 040 045 0F0 055 00 Temporary Jack FRP
B, b, reaction anchorage
plate

- Neglect FRP in compression

Er Acot Aror Ef + TAKE ADVANTAGE OF PRESTRESSING
Pea =P TPIE"""bg " bd E,
s s + BETTER USE OF FRP
- MORE BRITTLE RESPONSE
- SPECIAL (AND EXPENSIVE) DEVICES

- The effectiveness of strengthening

increases as the axial load decreases
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MECHANICALLY
FASTENED (MF) FRP

-
wertical crack displacement
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140

120 Epoxy-Bonded FRP

100- Mechanically-Fastened FRP
807 Control

Load (kN)
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FAILURE
MODES

Tension failure
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Near Surface Mounted (NSM)
Reinforcement

NEAR SURFACE MOUNTED (NSM) FRP

FRP rod

Groove

Groove-filling
material

+ IMPROVED BOND BEHAVIOUR

+ BETTER PROTECTION OF FRP

- MORE LABORIOUS & EXPENSIVE SOLUTION

- APPLICABILITY IS LIMITED BY THICKNESS OF CONCRETE COVER
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